Introduction. Cancer clinical trial (CT) participation rates are low and financial barriers likely play a role. We implemented a cancer care equity program (CCEP) to address financial burden associated with trial participation. We sought to examine the impact of the CCEP on CT enrollment and to assess barriers to participation. Methods. We used an interrupted time series design to determine trends in CT enrollment before and after CCEP implementation. Linear regression models compared trial enrollment before and after the CCEP. We also compared patient characteristics before and after the CCEP and between CCEP and non-CCEP participants. We surveyed CCEP and non-CCEP participants to compare preenrollment financial barriers. Results. After accounting for increased trial availability and the trends in accrual for prior years, we found that enrollment increased after CCEP implementation (18.97 participants per
INTRODUCTION
Cancer clinical trials help advance the standard of care and often represent the best available treatment option for patients with cancer, yet only a small fraction of eligible patients participate [1] [2] [3] [4] .The reasonsfortheselowtrialparticipationratesaremyriad and include financial and logistical barriers [3, [5] [6] [7] [8] . In particular, groups with historically lower financial resources, such as uninsured and minority patients, are frequently underrepresented in cancer clinical trials [1, [9] [10] [11] . Conversely, study participants of higher socioeconomic status (SES) are over-represented in cancer clinical trials [12] [13] [14] [15] . If the distribution of trial participants does not include a representative cross-section of the target population, the results are of uncertain relevance to patients not included in the study [16] . Additionally, clinical trials offer the possibility of early access to novel treatments; therefore, lack of access because of financial constraints represents a disparity in care.
Although there is considerable evidence that routine cancer care places a significant financial strain on patients and their families [17] [18] [19] [20] [21] , little has been done to address the added financial burden of clinical trial participation. Patients with cancer experience greater financial burden, higher out-ofpocket expenses, and are at increased risk for bankruptcy compared with patients without cancer [17, 21] . Additionally, studies have demonstrated that patients experiencing financial burden may jeopardize their medical care by forgoing recommended treatments [22] [23] [24] . Thus, the financial burden experienced by patients with cancer has been called a toxic side effect of their care [19] . Because of the added expenses related to trial participation, research subjects are especially vulnerable to this financial toxicity. Not only do cancer clinical trial participants encounter the same financial issues that all cancer patients face but they endure the additional costs of more frequent clinical visits and travel to trial sites [5, 19, 25, 26] . However, few efforts have focused on the direct costs to the research participant; instead, most of the literature discussing the costs of clinical trials considers the costs borne by the study sponsor and payers [27] [28] [29] . Therefore, efforts to improve cancer clinical trial enrollment need to focus on ways to effectively recognize and address the financial barriers that likely play a critical role in the poor accrual.
We sought to examine the impact of a cancer care equity program (CCEP) that provides financial assistance for trialrelated expenses, such as travel and lodging, on clinical trial participation and to assess patient-reported barriers to trial participation. Our findings will help define the impact of such programs and highlight the need to address the financial burden of cancer clinical trial participants.
METHODS

CCEP Intervention
A single academic institution (Massachusetts General Hospital [MGH]) partnered with the Lazarex Cancer Foundation, a 501 (c)(3) nonprofit organization, in 2013 to form the CCEP [30] . The goal of the CCEP is to ensure that all patients with cancer have access to the best care possible, regardless of SES. The CCEP consists of three key components: (a) community outreach and education to build awareness of available cancer care options, especially clinical trials; (b) patient navigation for cancer screening and diagnosis; and (c) a financial assistance program for clinical trial participants.The current study focuses on the impact of the financial assistance program, which provides financial reimbursement for clinical trial participants struggling with the added costs of travel and lodging.
Patient Selection
From December 1, 2013 to November 30, 2014, patients in the process of being screened for a clinical trial or already participating in a clinical trial, age 18 years and older, were referred to the CCEP by a member of their cancer team, such as their primary oncologist, disease-center new-patient access nurse, research nurse, or social worker. Referral was based on patients expressing interest in a trial, but concern regarding the costs of trial participation. After referral to the CCEP, patients filled out an application to request financial assistance. Eligibility for assistance was determined on a case-by-case basis by the Lazarex Cancer Foundation, which took into consideration basic information about family income, expenses, debt, and the anticipated expenses related to travel and lodging for trial visits. For patients with incomes #400% of the federal poverty level (FPL), the foundation reimbursed 100% of their travel and lodging expenses. For incomes between 401% and 550% of the FPL, 75% was reimbursed; for incomes between 551% and 700% of the FPL, 50% was reimbursed; and for incomes .700% of the FPL, reimbursement was considered if there were extenuating circumstances (e.g., excessive debt, loss of income). Once approved, patients were required to provide proof of their trial-related travel and lodging out-of-pocket expenses (e.g., receipts for gasoline, tolls, parking, flights, and hotels) and were reimbursed monthly.
Study Design
To determine the impact of the CCEP on cancer clinical trial enrollment, we used an interrupted time-series design to evaluate rates of participation in cancer clinical trials before and after implementation of the CCEP. We collected data regarding the total number of clinical trial enrollees at MGH from October 2005 through September 2013 (before implementation of the CCEP) and from December 2013 through November 2014 (after implementation of the CCEP).
To compare demographics and clinical characteristics of trial enrollees before and after implementation of the CCEP, and between CCEP and non-CCEP participants, we reviewed patients' electronic medical records. We performed retrospective chart reviews on all patients enrolled in cancer clinical trials at MGH in the 2 years before the implementation of the CCEP (October 1, 2011, to September 30, 2013 
Survey Data
To assess patient-reported barriers to trial participation, we mailed surveys to all living, English-speaking CCEP participants and a systematically matched group of cancer clinical trial participants who were not enrolled in the CCEP. We matched participants by age, sex, the specific clinical trial patients were enrolled in, and the year they enrolled in that trial. We mailed the surveys to CCEP participants within 3 months of their enrollment in the CCEP. After we received a CCEP participant's completed survey, we sent a survey to a matched, non-CCEP trial participant.We asked participants to report their financial concerns in the prior 3 months and barriers to clinical trial participation they experienced when considering trial enrollment. The survey contained items from previously validated questions about barriers to clinical trial participation [32] [33] [34] [35] [36] [37] .
Statistical Analysis
To assess the impact of the CCEP on trial enrollment, we fit a linear regression model to the monthly enrollment data from December 2005 to November 2014. This allowed us to determine the average enrollment size increase per month over time and to estimate and test the significance of increased enrollment after implementation of the CCEP. These models also accounted for the trends in annual trial availability.To test for the presence of significant autocorrelation in our modeling, we used the Durbin-Watson statistic.
To determine if differences in clinical trial enrollment before and after CCEP could be related to changes in demographics or clinical characteristics, we compared differences in these characteristics between participants in the 2 years before the CCEP and participants the year following implementation of ©AlphaMed Press 2016
The Oncologist ® 468 Impact of Care Equity Program on Trial Enrollment the CCEP. For continuous variables, we used independentsamples t tests or nonparametric Mann-Whitney U test, as appropriate.We compared categorical variables using chi-square or Fisher's exact test, as appropriate. Similarly, we compared the demographic and clinical characteristics of the CCEP and the non-CCEP clinical trial participants for the 1-year period following implementation of the CCEP. We also calculated differences between these groups with multivariable logistic regression, accounting for the cancer type, enrollment in phase I trials, and presence of metastatic disease.
We used descriptive statistics to summarize responses to each of the survey items. For survey items with Likert scales asking participants to specify their level of agreement or disagreement, we used "strongly agree" and "agree" responses to represent agreement. For Likert scales asking participants to respond on a scale from "never" to "always," we compared the "always" responses to all other responses. To assess differences between responses for CCEP and non-CCEP participants, we used Fisher's exact test.
RESULTS
Clinical Trial Enrollment Before and After Implementation of the CCEP
A total of 1,217 patients, age 18 years and older, enrolled in cancer clinical trials at MGH after implementation of the CCEP (from December 1, 2013, to November 30, 2014) (Fig. 1) . Accounting for the increased number of clinical trials available to patients over time and the trend of increased trial enrollment prior to implementation of the CCEP, trial participation following implementation of the CCEP was greater than expected (b 5 18.97 participants per month greater than expected; SE 4.31; 95% confidence interval: 10.43-25.51; p , .001) (Fig. 2) .We found no substantial positive or negative autocorrelation in our modeling according to the Durbin-Watson statistic (1.70). Table 1 summarizes participant demographic and clinical characteristics for participants in the 2 years prior to the CCEP and for the year after implementation of the CCEP. Following implementation of the CCEP, the proportion of commercially insured (72.3% vs. 64.1%; p , .001) and phase I clinical trial participants (56.5% vs. 46.9%; p , .001) increased. Conversely, the proportion of married participants (64.2% vs. 69.1%; p 5 .002) and those with metastatic disease (70.0% vs. 74.2%; p 5 .012) decreased. Using logistic regression and controlling for patient demographics, the differences in insurance, phase I trial participation, marital status, and presence of metastatic disease remained significantly different between the year after the CCEP and the prior 2 years.
Clinical Trial Enrollees (non-CCEP vs. CCEP) for the Period Following the CCEP For the period following implementation of the CCEP, 171 patients were referred to the CCEP; 15 declined applying for financial assistance, stating that they felt others would benefit more from the program, and 3 patients were deemed ineligible for financial assistance based on the Lazarex Cancer Foundation financial screen.
We enrolled 153 participants in the CCEP. More than onethird enrolled while still being screened for a clinical trial and before starting their clinical trial treatments, and 90% enrolled
month, regional participants (New England, excluding Massachusetts) were reimbursed $300 per month, and out-of-region participants, $900 per month.
Compared with non-CCEP trial participants (n 5 1,064), those enrolled in the CCEP were younger and more likely to be female, reside farther (.50 miles) from MGH, be enrolled in phase I clinical trials, and have metastatic disease and lower incomes (Table 2) . Additionally, the types of cancer represented in the CCEP and non-CCEP groups differed. A higher proportion of CCEP enrollees had breast cancer, thoracic cancer, and sarcoma. Using multivariable logistic models, we found that the differences in age, sex, distance from MGH, phase I trial enrollment, and presence of metastatic disease remained significant.
Survey Data
Of 87 participants who completed the financial barriers survey (63% overall response rate), we received responses from 49 of 77 CCEP enrollees (64% response rate) and 38 of 61 non-CCEP trial participants (62% response rate).We found no significant differences in demographic or clinical characteristics between surveyed and nonsurveyed trial participants for both groups.
Compared with non-CCEP trial participants, those enrolled in the CCEP were more likely to report any financial concerns (56% vs. 11%; p , .01) (Fig. 3) . Additionally, CCEP participants were more likely to report concerns with medical costs (47% vs. 14%; p,.01),travelcosts(69%vs.11%;p,.01),findingtransportation (35% vs. 3%; p , .01), lodging (60% vs. 9%; p , .01), treatment schedule (39% vs. 9%; p , .01), and insurance coverage (43% vs. 14%; p , .01) related to clinical trial participation.
DISCUSSION
To our knowledge, this is the first study suggesting a positive impact of a financial assistance intervention on cancer clinical trial enrollment. After implementation of the CCEP, cancer clinical trial enrollment increasedcomparedwiththe previousyears. Although our study does not definitively prove that the CCEP directly led to this increase, the enrollment trends and financial burden expressed by CCEP enrollees suggest a positive association between increased clinical trial enrollment and the implementation of the CCEP. For example, participants who were able to enroll in trials with assistance of the CCEP reported experiencing increased financial barriers before trial enrollment, lived farther from MGH, and had lower incomes than non-CCEP trial participants. Additionally, most patients enrolled in the CCEP within 1 month of starting their clinical trial, while more than one-third actually enrolled while being screened for their trial. Thus, the CCEP targeted a patient population particularly in need of financial assistance and provided a means to address the financial barriers that may prevent clinical trial participation.
Previous efforts to improve clinical trial enrollment have included interventions involving informational booklets and videos aimed at educating patients about the benefits and risks of clinical trials [38] [39] [40] . Others have tried to increase trial enrollment by improving the informed consent process [41] . While these efforts improve patients' understanding of clinical trials, they have been largely unsuccessful at increasing clinical www.TheOncologist.com trial participation [39] [40] [41] . Studies involving minority-based community clinical oncology programs have shown promise as a way to facilitate clinical trial participation among racial minorities and other underserved populations [42] . The African American Men randomized trial (the AAMEN Project) demonstrated that more intensive recruitment methods resulted in higher recruitment rates [43] . Specifically, the arm that provided transportation for participants proved most successful. Despite the promising results with these programs, investigators have highlighted the challenges involved, such as provider communication and trust issues among patients, as well as the lack of adequate funding and infrastructure within institutions to sustain these programs [44] .
Our findings support prior studies suggesting that financial concerns represent a major barrier to patient participation in cancer clinical trials [5, 36, 45] . In a study of 1,256 cancer patients assessing barriers to cancer clinical trial participation, worries about health insurance coverage of clinical care costs represented one of the strongest barriers [36] . A second study, which sought to evaluate why patients decline cancer clinical participation, demonstrated that distance from the cancer center and insurance denial were common reasons for refusal to participate [5] . A third study of black patients found that economic stress played an important role in their willingness to participate in trials [45] . Therefore, efforts to improve clinical trial participation must include interventions targeting the financial barriers that often influence patients' decisions to participate in trials.
Additionally, whether a patient enrolls in a cancer clinical trial may depend on the knowledge and perceptions of their treating clinician [5, 11, 46, 47] . An oncologist may choose not to offer a clinical trial to their patient because of concerns that the patient may struggle with the financial or logistical demands of the trial [5, 11, 46, 47] . Thus, efforts to increase cancer clinical trial accrual will need to target both oncologists as well as patients. Our CCEP intervention represents one such strategy, as this program sought to remove some of the financial and logistical barriers to trial participation. Consequently, the CCEP may have encouraged oncologists to offer trial participation to patients they otherwise may not have approached.
In addition to an overall increase in cancer clinical trial participation following implementation of the CCEP, the enrollment patterns and survey data suggest that we enrolled a population particularly in need of financial assistance. Compared with non-CCEP participants, those enrolled in the CCEP were younger and had lower incomes. Studies have shown that, in general, younger patients and those with lower incomes experience considerable cancer-related financial problems [24, [48] [49] [50] [51] . We also found that a higher proportion of CCEP participants were enrolled in phase I clinical trials and had metastatic disease. Both of these groups are at greater risk for financial burden, considering that patients with metastatic disease often receive multiple lines of treatment [52] , and . Importantly, the CCEP reimburses trial participants for travel and lodging expenses, and CCEP patients were more likely to live farther from MGH. Finally, our survey data also suggest that the CCEP served a population in need of assistance. Compared with those not enrolled in the program, patients enrolled in the CCEP reported more financial concerns and barriers to clinical trial participation when asked to think back to when they were considering trial enrollment. Notably, the amount reimbursed to CCEP participants in our study represents only a fraction of the amount sponsors and institutions spend to conduct these trials [27, 54] . Several limitations of our study warrant discussion. First, the interrupted time-series design evaluated monthly trial enrollment during the time leading up to the CCEP and following its implementation. Our conclusions that CCEP increased trial participation is based on regression models that accounted for trial availability and prior trends for increasing enrollment. Thus, we cannot definitively conclude that our intervention was responsible for the increase in clinical trial enrollment. Changes in the patient population enrolling in trials (e.g., younger patients, those with metastatic disease, Impact of Care Equity Program on Trial Enrollment those seeking phase I studies) may have contributed to, rather than resulted from, the increase associated with CCEP. Other factors, including increased awareness about the importance of clinical trials, the emergence of novel drug targets, and improved infrastructure for pursuing clinical trials in our cancer center, likely also contributed to the increase. Currently, we cannot explain the exact mechanism by which the CCEP might have produced an increase in clinical trial enrollment. We did not survey members of the cancer care team to determine whether the CCEP may have influenced their decision to recommend clinical trials to certain patients, but this will be the focus of future investigation. Additionally, although our survey data highlight that CCEP participants experienced considerable financial concerns and barriers to trial enrollment, we have not yet determined whether the program reduced their financial distress. Finally, CCEP participants were those referred by their care team at a single academic institution with a distinct patient population. Therefore, these results may not apply to a more general cancer clinical trial population. Despite these limitations, our study suggests a positive impact of a novel intervention that proved feasible, targeted a vulnerable population, and likely helped improve cancer clinical trial participation.
CONCLUSION
Our use of a financial assistance program to improve cancer clinical trial participation is,to our knowledge, first-in-kind, and holds promise for finding novel and feasible ways to increase trial accrual. Clinical trials represent an increasingly important option for patients with cancer, and, thus, future efforts to increase clinical trial participation need to address the financial barriers. Future strategies should include efforts to refine our ability to assess trial participants' financial burden while also seeking to identify the specific patient populations most in need of financial assistance interventions. Our current efforts include longitudinal assessments of trial participants' financial distress and other patient-reported outcomes to help us better understand the trajectory of this distress and to further determine the impacts of the CCEP. Collectively, our work will provide important information for key stakeholders, such as study sponsors and payers, to help inform widespread policy change focused on alleviating the financial burden related to cancer clinical trial participation.
